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mucosal delivery ofva«me antigens and adjuvants. 

^ ^o«tH*.fense mechanism against a 

Mucosalimmmntyprovidesanimportantdefensemecn 

15 pa»itieo,ganisms.M»cosa.iffl»unerespo»espro«ctag 

,^.es^isseae».IgA. -^^^r^, 
P.ehesofin.estina>»ac.o,nasop.«:VngeaU^phc.dtissues.e™«f 

, „.Mcens,»ansponantige„..e,n.e,,,ng.nc„sa>assoc,a^.^^^^ 
■ rMAL-n lnotherareasotthemueosalepitt.elnnn,suchasthepseudo 

■ ,heMALTresultmginacUvati<,nofantigen-spee.fioIgABeells.The 

,„«edu,respo„d,oti,e.,pesofantige„icchal.engeen— bymnc.. 
30 :ts,anLayp™...e»o.e.ective.peor^™e.po.seag.ns. 
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p^ioularpafl,o,en.. — g.y,antigend=.ive,y— sw 

Atten^Uhav.bee„n,ad=.ouseb,oadhesivcpo.:^=.for*=n,»co,. 

C.bopo.»dpo,yca,bophi.>U.sn.«c™s.Un.ed — of 
Ll,y,icadd).displayexcclle„.adhesio„propertie.i„v,-,™. However, 

:l.oa^»ive.™yca.e>oc.«a«o.He„ee,few«He3.ve<.e„ve. 

10 systems are commercially available. 

A„en«o„has,he.fo.t™e<..o.heaeve,op,ne„.of»ed^^^^^^ 

3,s.e™sbasedon«occ».Hngs„~-as,=c.,.andftn*»' 
pLei„s.Th«ebioadhesive.a.here«.n,ucosa.cen surfaces v,a«ce^^- 

l*e<.n,echa.as„.. A»oO,.na...bioaahesiveisMu.™oac,Mso 
,5 taownashyaluron^-Hyaluromeacidisanamrallyocoumng 
' lpo,ysl.aHae— go,,.i.esofD-g— andNW^^ 
,Jan.„e.Hya,.™nloacidisfo.a.*eex»aceU„.arUs.e«^^^^ 
L..tes,.c.di„Sin-=o.ve«saues,asweUasinsy„ov,a,«^ 
.„..a.aa,»eo„sh«.o«r„fU>eeye.Hy.™.cacid.a3bee„s.o™.o.e 

20 bioadhesive both m vivo and in virro. 

Es.eHaedaeriva.vesofhyalu™nicaciahavebee„usea.p™d.e 

„.„sphe.es..a.Mc.™pa*and«eg.ada..e. see e.^^^^^^^ 

B,o».«.<.M>991)12:727-730;Eu.pea„P~No.5n565.^^^^^ 

»crosphe,esbavebee„»sedfo.a,en,ucosaUe.ive:yofan™be,ofsubs«^c«^ 

„ Teg., — «ica.onNo.WO,..«,S. Po,e,an,p,e,— 
: : ..P*»«.a993)II.:9.t5,aesc.be*evagina,aeUve,yo^ealc,.o.. 

E„opea„P«b.icaUo„Ko.5n.565aeseHbe*euseofhya.ron.cae,aes.e. 
™.rosphe«torae intranasal deUvety of insuUnmsheep. 
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„„„evcr,«,e»seothy^-ro»caoidderiva.v=..odeUv«vaccine 
anUgens has not hattofore been tecribed. 



^^^^^^''^'''^ ,«^effecdve,n«hodtorelioiting3n 
The present invention provides an eflecavem 

i^.etespo„sei.an.annnaii3ns„hieetnsi„.n.ncosaiin«n— 

:.e..ance.heinnnunogenio..yof.heantigencoadn,inis.e^^^^^^^ 
Whiie„otw.shi„S.ohehonndhyapa«i..a..eo.,i..she.— 

::een:ean..and.eahso..— ^^^^^^ 
allowing more efficient transport of the antigen 0 

LapoUp-'^^-^-^'"''"^'*'"^^"" 

tonnogenicityofa^idevarietyofantigens. 

Aoconiingly.in<meembodimen,,meinvention,sdnectedtoa 

(w/w) antigen to hyalmonic acid polymer. 

,panicu,at,yprefetrede.b„din,ents,.hehya.nron,cac.est«^^^ 

.„hydtoxyl^npsot,hesa™eoradifferenthya,uron>cao.dn,o.ec„.e. 
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I„anoto».bodin,en.>einven.>onisdir««<i.o aoompo.«on 
^risinsCajamierospherecomprisedotanhyaluronK acid ester selected fton, 

:::;:;i.o:.,.».»cac>d..ete.»a.o....oa.-.^ 

„ffreccarbo.y.poupsarees«rificdwithoneormoreallcy.gtoups,a»da 
.„..i.=.eddenvativeofhya,u.nicacidcomprisi„gintetna.e.ets,nwh.ch 
.,out0.5%.oabou.2a./.otthecaH,oxy.poup.of.heM»«,n.cac.dpol,™er 
„ectos«edto«gto„psofthesa.eota~hya.— 
molecule- (b)ase.ecteda„tigene„.rappedin,oradso,bedto..he™cosph^ 

;M)a..i.en.ohya.„»nicacidpo.yn,et;a»d,c,a.— o.c.ad,uv.^^^^ 
J.mtothe.etnbodin.e.-.s.thesu.jec. — isdirectedto-nethods 

ofmakmgpharmaoeu,icalcompo«.ionswhichcomprisecomb,mBgthe 

:::::a.ve..p.— ------ 

T.eseando,here.oboditne„-f«>^P--<— 
.„«,„seofordtaary.kiUm«.eani„viewofthedisclo.»rehe™. 



^;^;;::;:;;;:;;;:,gotite^^ 

„Wly(ope„ba.).HAand.headj»va„tLT.K63— yM^^ 
,,„)a„dHAwithHYAFF.icropa,«ol«andLT.K63in..ana.al>y(-. 

hatched bars). 

FigurelshowsanU-HAlgAtttersmpigsadmimstemi HA alone 

„latly(open.a.),HA,nd.headi»va„tLm3 — 
ba«)andHA^thHYAFF,.ictopattic,esandLT.K63int™asally(cross. 

hatched bars). 
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Pi njlril nrn1r''r "f 

The practice ofthe present mvention will employ.mdess othem.se 

indicated, conventio^lmeftods of chemi«.y,bioehe™stty.molecul3r biology, 

in^unology and phanna»logy,withi„ the *illofthe at Suoh techniques are 

5 expl^nedMlyit-thelite^tu.. See.e.g., W"'^ 

,8.hEdition(Eas.on, Pennsylvania: MackPublishingCompany,1990);M«*«b 

/„£„zv.o/og>'(S.Colo™kandN. Kaplan, eds.. Academic Press,l«c,); and 

Blackwell, eds., 1986, Blackwell Scientific Publications); and Sambrook, et al., 
10 Molecular Clmmg: ^ L.*<,™»^ Ma«»a/ (2nd Edition, 1989). 

AH publicaUons, patents and patent applications cited herein, whether 
™p™ or are hereby incorporated by reference in their entirety. 

AS used in this specification and the appended claims, the singular forms 
■■a-an" and "the" include plural references unless the content dearly dictates 

otherwise. Thus, for example, reference to "an anUgen" includes a mix«.re of two 

or more such agents. 

T nftfinitions 

In describing the present invention, the following terms will be employed, 
and are intended to be defined as indicated below. 

TT,eterms»hyaluromc acid- and "hyaluronan" are used herein. o denote 
anart-recognizedacidicpolysaccharidewhichisanunbranchedlong^ham 
molecule madeup of repeating monomericunitsofD-glucuronic acid linkedby 

a pi -3 glucosidic bond to iV-acetyl-D-glucosamine (stmcture 1, below); a pi-3 
glucosidic bond links the single units. 
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20 



A„..hya.uro»icaddderiva«veSsa— derivedftomhya.»n>.c 
aoidanddenotesaoyofvariou.— .know„m*eart.sucha.«,cnfied 

L--eH^eawi.anaB..^..co„ecave..e™e.™"H- 
LLa..i-e."n,.e..hyai™nicacMes.e.,wh«».a*oxv^^^ 

:Xbe.ow. P— >c.e™".,a.«o.caciaaeHva«ve"a>.re<«s 

lJ.U^e.deHva«v«ofhya,™«icaci..ennea"ACrhe^w« 
,e>ude.,.en«.e.«.»dinw«abo„.O.r.«>a.o..O./.of«..o,rboxy, 
^„psofa,ehyalu»nicaoidHy"«a«cr„s«ed.ohydroxylgroupsofU.e 
3a.ecrdifferc„.hya.>.onioaoidmoleoules,S»chn,o.ec»l.arcd«onbcd«. 

greater detail below. 

^e.e™Wsphe."asoscdhexin,«fe.u.anhyaIu«..cac.d 

pa«ic.ofabouU<«™.oabo»t.50,n,.dia».er,™«p«fcrab,ya^ 00 
L.oabo».30„nMian,=«r.and™s.p«about 500:^.0 abouCtO 

,„i„dian,e.«.Miorosphe..zcis.adi,ydet=™i„».bytecta,u«w^^^ 
Low„i„*ea,..uohaspbo.o. — spec«oscopy,.a..d,maco^^^^ 
ana/o^ca^aCect^n— . «e«sroru.h«^w,Ube^cd 
fr„.hyaIuro„icacidpo.y.e.anddertvativesd,c^tde«ibed..orcde.., 

) that are non-toxic and biodegradable. 



6 



PCTAJS99/12105 

WO 99/62546 

Thetenn"alkyr--e^''eremrefers,oab™chedor«nbranchcd 

5 cyclohcxyl, benzyl, and the like. 

Byn.ncosa."de.iveryis»eantde.iveryofana„«gen.oan,ucosal 

,^,„cludingnasal.p«,vaglnal,reo.al,u^,ands»b,in^or 
buccal delivery. 

By.antigcn-ismean,amoleonlewhichcon.amscneorn,oreep..opes 
,0 «,a.wiUs.imnla.eahosfsinunMesystem«.makeacel.ularan,ige.spec.fi^ 

ri:e^o„.wben.ean.sen.p.en.ed,.a — ^U^-^^^ 
Nonnally,anep«ope«il.includebe.weenabon.3.,5,gen«allyabou.5-15. 

""°Cn^.eso..ep.en— anUgenscanbedeHved^any. 
„ ..„al..ow„vin..es.ba.eH3.pa.asi.esand«n.gi. Tl,e.e» also intend^ a^o^ 
^evaHonan^can^gens. 

,„.»«ge„"«ferstoapro.einwldchinclndes.odifica«ons,suchasde.euons. 
addition, and— ons(gcnera«ycon»vativeinna.u«,,.oU.enat.ve 
„solongaa.hepto.ei«n,-natl,eabi.itytoe,icitan— .ogtcal 
,0 ^eaponse. These modiScations n,ay be deliberate, as toou^ aite^-ted 
:l,e„esis.o.n,aybeaeciden.a,,s„ohas.bt„ugbn,u.a«onsofbosts«b.* 

produce the antigens. 

An"immnnologiealresponse"toanantigeno.oomposmon,s.he 

aeve,op.en.inasnbiectofah™no.land/o,ace.lu.ari,nn,nne«^s^ 

„ .oieculeapresentinmecompositionof interest. For purposes of the present 

Ltion,!— ^^^onse-referstoan^uneresponsen.^^^ 

.,antil»dy,no.eeu.es,-ea..eennlarinunnneresponse...sone™^^^^^ 

.^phoeytesand/orother^hitebloodoells. Chteintport^t^^^ 

i™.noityinvolves3nantigen-specif,cres,«.nsebyoytolybcT^ns(CTL^ 

30 cnx.hlspecifieityforpep.ide».igens*atarepr«ented.assoe,a..on™th 
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onmcurfacesofeem. cas help induce and promote fl,ein«eU..« 
aes«c«onof— l.mion.be.ortKe.ysisofcensinfeo.edwi.h- 
^icrobes. Mo*eraspeo.ofceH».arinnnnni.yinvo.vesananUgen.speafio 
3 ^onseW.e.perT-ce,U. „e>^ T.e«s act . He, — a.e .e ^c«o^^»d 
f„cLeao«vi.yof,non^eoificeffee«.ree«sagai„s.ce,.sd..playu,g ep.de 

..igensin— nwiftMHCmoleculesonmeirsurfaoe. A-eeUular 

i„»»e,e.ponse-also.fers.oU,ep™dueUonofey.oH.es,»and 

ofl,ersuchn,o.ec„,esproducedbyacUva>edT.e«.»d/oro«,erwhi«b.ood 

,0 celKmcludtagfl.osederived&omCD4.andCD8.T-ce.U, 

Acompositionorvacometotelici.sacellularinunune.esponsemay 

..„e.ose.Mzeave«eb«.esnbiec.by.ep— ofa„«Se„inas— 
^U.MHCn.o,ec«Iesa.«.ece..s„^faoe.^.ece,^^,edi^i-^«-^-^ 
.^.eda..„,nea..ceUsp.esen.„gan«ge„at.Ke.^ace..add.„n,an„g.^ 

immmiizedhost. w^oppH 
TheabiU.yofaparticularantigenorcomposito„U>stmula.eaeeU. 

3.,.by>.n,pbop.«fe«.ona,».pboc,«acUvaao„,as.ys.crLe.^^^^^^ 

,0 ee„a.ays,orbyassayingfo,TWocy-speeifiofor.hea„Uge„.na^^ 

.„.«.edsubjec. Sucbaasaysa.we«.ownin*ea«. Se^c., — 

a,.,y./«»»..i.(1993)m:4189^>95;I'-«^''^-^''"'"""'''<''^' 

24-2369-2376; and the examples below. 

Thus,a„ta»n«nologicalresponseasusedhere,„maybeonewtach 

,5 s,in,«la,es*.prod„ctionofCTU,and/o.iheprodnc«onoractivatio«othelper 

Lus. THeanUgenof..e«s.n«V.soeUeHanan«b<.,.n,edia«d_ 

^ponse. Henee,an— ogicalrespon^mayinclndeooeormoreof^e 

fo,Lge«ec.«>ep™dne.onofan.bodiesbyB.eHs;and/o.«.cac»va.onof 

30 a„.igenspresen.intt,ee«nposi«™.»vaooineofin.e«s.. These re^onses n.ay 
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serve .o„eu«UzemfeetiviV,ana/ormcdiate«<omplcn,e„t, or antWy 
dep«,to.ceUcyto.oxiciV(ADCC).oprovidcprot=ction."ani-.uni--'>os.. 
Suohrespons^ca^bedetenninedmings^nd^rdinmrunoassaysand 

neutralizatioii assays, well known in the ait 
5 Avaccineeompositionwhichco„uinsaselee.=dar,«genincombmaton 

„itt,anhyal»ronioaeidpolymerasdesoribedherem,displays"enhanced 
i™,n„ogemd.y" when it possessesa6reatercap»i.yu.elio« an immune 
^nsethantheimmuneresponseelieitedbya„e,nivalen.amoun.of.he 
antigen withoutthehyaluronie acid polyn-er. Thus, a vaccine composition may 
,0 display-enhancedimmunogenicity-hecausetheantigenismorereadilyabsorbed 
by the vertebrate subject, orbecause the antigen ismorestrongiyimmunogemc or 
becausealowerdose of antigen is necessary to achieve animntuneresponsem 
tt,e subjectto which it is administered such enhanced immunogenicitycanbe 
detenninedbyadministeringthep«lymer/antigencomposition.andantigen 
,5 ccnt^o.stoanhnalsandcon>paringantibodytiters.gains.the^vousings.andaM 
,3sayssuchasradioimmunoassayandEUSAs,wellknow„ind.ea«. 

The tenns-effective amount" or "pharmaceuticdly effective amount of 
^agent. as providedherein, refer toanontoxic but sufficient amount ofthe agent 
toprovidethe desired immunological response and correspondingtherapeuuc 
20 eftec,. Aswillbepointedoutbelow.theexactamountrecuiredwillvaryfrom 
subiect to subject depending ontespecies, age, and general conditionofthe 
subject, the severity oftheconditionbeingtiea.ed,andti,e particular anttgen of 

interest, modeof administration. andti,eUke. An appropriate "effective" amount 
in any individualcasemay be determined by oneof ordinary sldU in the art ustng 

25 routine experimentation. 

As usedherein,"treatinent" refers to any ofCOthepreventionofinfection 

orreinfection. as inatraditional vaccine. (ii)the,educ.ion or elimination of 

symptoms, and (iii) the substantial or complete eliminationofthepathogenm 

c,ue«io„.TTeatinentmaybeeffectedpr»phy«(priorto infection) or 

30 therapeutically (following infection). 
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By .pharmaoeu^y accept" or "pharmacologically accepUble" is 
.ean.an,a.eHa. which is notbiologically or otherwise undesirable, ....me 
„,.erialmaybead™nistered.oa„individualalongwithU.en>icropar«cle 
,™„.a.o„swifl,o.cau.tag«y-sirablebiolosicaleffec.orin.er.^^^^^^^ 

5 ae,=.erio„sn,an„erwiU,»yof«>eco.„Po«--f*— 

"'"Bv-vertebratesubjec." is mean. member oftesubphytacordata. 
i„e,nding.wi.hou,limiU.ion.humansandomerprima.es>cludi„gno„-human 
pHmaressuchascHmpanzees andoOrerapesandmonlcey species; fa™ 
.0 Lhasca«le,sheep,piss.goa.andhorses;domes.cmamma.ss„chasdogsand 
oats; laboratory anin,alsincl»di.groden,ss.chasmice,ra. and gu,neap,g. 
birds,i„clndingdomestic.wildandgamebirdssnchaschickens,«.l.eysand 
„togal.ina«ousbird.,ducks, geese. andfl.eli.e.Thetermdoesno.deno«a 
pJlarage.Th„.bcd,ad.Uand.ewbomsubiec.sare.«nded.becovcred. 
,5 T^esysremdescribedaboveisintendedforuseinanyof^eabovevertebrate 
species, smcefte immune systems of all ofd,esever.ebra,esope.a.esmnlarly. 

i>j,^H«nfCarn -"r'^"""^'"''"*'™ 
BeforedescribingtheptesentinventionindetaiUtistobeunderstood 

,„ u,atthisinvenUonisnotlimdtedtoparticularformula.onsorp™cessparameters 
lsucbmay.ofcourse.vaty. is also to be underst«. that the tenmnology used 
,ereinisforfl,ep..rposeofdescribh,gpar.icularembodimentsof*einve„«on 

only, and is not intended to be limiting. 

Althoughanumberofmedtodsandmaterials similar or equivalentto 

,5 .,„sedescribedhercincanbeusedin.hepracticeofthepresenti„vention.the 

preferred materials and methods are de«;ribed herem. 

The presentinvenUonutilizeshyalurooic acid-mediated debvery 
.echni,ucstoelicitanimmuneresponscagainstm„cosa,lytransmi«edpathogen. 
Thesystemaffordsavigorousimm^teresponscevenwhentbcanbg^tsby 
30 itselfwealOyimmunogenic. Although the individual components of the vaccme 
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,^rising«™choo*ationswonlde„ha„ce«,eeffioie„cyof...Se. 
b.yondWsachievedwhe«tt.ecomponeoUwereusedsepara.ely. 

Alfl,oughtt,e«ve„tio„isbr«adly applicable forprovidingan-nunune 
5 ,e^»eaga^s.a.yof,heabove.m«.taedpa*oge„s>ei„ven.ion,s 

exemplificdherembyreterencetoirfluenzav,n.s. 

^em=«ofm.— provides forcell.med,a.edunm„m,y,ana/o. 

K^ca, antibody response. Acco„.nsly,.be»e«,odsofd,epre.c„.inve,>bon 

^«fi„d»sewi«>3.yanti6enforwhichce,lulara„d/orhun>oral— e 

,0 ,espo.esa.de.i«d,i— a„.se.dertved^n,v.al,bac.enal,<i.sa,^ 

paLi,icpa.hoge.d.a,n.ayi.d«ee.tibo.e..T.ee,lKe,e.ep..opesa„dT^l 

y. Jepilope.. Suoba„Uge..c,ude,b.a.noUi-.o^-»-^ 
.yb™ananda„in»lvin.esa„dca«eo«^.d«.eiO>-m.e«^or„on- 

Structural proteins. 

Porexa„^le.tt.cpreseati»ve„tion»il.find.etor— g» 

^™e.esP««aeaga.s,awidevarie.ofp.tei..o™d,ebe.e.v^a^. 

,.*gp..e.sde.vea,.,nben«s.n.plexvin.(HSV,.^.a.^^-» 

.HSV.landHSV-2glycopro.einsgB.gD and gH; antigens denv^fton, 

varieel.a™s.ervlrus(VZV).Eps.ein.B»vims(EBV)andcy.on,egalov.r«s 

20 ,CMV)inc.udingCMVgBandgH-,»dantigcnsderived^n.oa,erhun,an 

herpesvimscssuchasHHVaandHHVT. (See, e.g. Chee et al., 
C,,„™..»,ov<n..aX.McDongall.ed.,SpHnger.Verlagl990)pp..2^ 
;,areviewofd,epro.eincod.gcon.en.ofcy.on.ega.ovirns;McG.c e.al . 
Ge„V.„,.(198S,^a531.1574,foradiscnssionofdrevario.HSV.l»coded 
, ;e.;aS.Pa.enr.o..,U.S.ora.sc.sio„o.„SV.,.dHSV^^ 

^p„teinsand*egenesencodingd.=refor;Baere.aI.,N<.««a984)310.2^ 
2„,rorfl,eiden.ifiea.ionofproteincodingse,ue„cesinanEBVgeno™.a^ 
OavisonandSco«,..G..«™Mm6,^:n59.,S,6,torareviewoVZV^)^ 
Antigens ftomflrehepa* family of viruses, incl»dinghepa.msA™s 
30 („AV),hepaUasBvir.(HBV,.Hepa«UsCvi„s(HCV,,*ede,.hepaUUsv.ms 
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(H)V),hep.*itisEvirus(HEV)a.dhepatiti.Gvin.(HGV),oa„a.sobe 
c„„v»».ly-edinfte«esdcscribcdh«ei..Bywayofex™pl.«.e 

»f Hrv is known as are methods for obtaining the 
viralgenomicsequenceofHCViskn «n o^,„o89; 
s«,uenoe. See, e.g.. International PubUcaUonNos. WO 89/04669, 
5 »dWO90/.4436. TheHCVgenonieencodesseveialvi«.proteins,ine.uding 
E,Calsokno«.asE)andE2,a>so^ow„a.E2/NS,andanN-terniina. 

„„idpro.ein(.en„«i"oore'0(see.Ho«ghu,ne.a...*;».o/<.^O»' 
.3S,-38S,foradi— ofHCVplote^,iBe.ud^B,andB2). Eachof 
;esep.teins,asweuasa„.igenicfta^en.sther»f,wi,.«ndu.ein^epre»,. 
,0 method.. Sinlilar.y,these<,uenceforthe6.antigenfron,HDV.known 
(see eg U S. Patent No. 5.378,8.4) and tbis antigen can also be conven,en«y 
Linlpresentmetbods. .dditiona,., ^.Ugens deHved ^n, HBV, s.. as 
.eeoreanagen,thesurfaceantigen.sA.asweUasthepres»rf^es«.^^^^ 
„„S1 andpre-S2(fonner.ycal.edpre-S),as.eUascombmaUonsottheabo e 

, 2";J.sA..e-S2.sA.p.SUpre.S2.andpre-S..^^^^ 

:be,.n.See,e.gV™VVa..es.^n.t>,e.abo«.o..obe««.ao^ 

.n.,,..Maeket.M.andW«.ian,son,.D.,.«.---^~ 
pp 59-176. foradiseussionofHBV—;andU.S.PatentNos. 4,72^840. 

098 704 5 324.513,incorp„ratedhereinby reference intbeirentireues;Bean,es 

3330;andZhouetal..J.W™;.(1991)6S^5«7-5464. 

Antigens derived fan, otherwises will also find use in the clamied 

„ethods.s„chas»ithou.linutation.pro,einsfiomn.enibersof,hefani.l,es 
Kco™viridae(e.g.,poliovinises,etc.);Calici™dae;Toga™dae(e.g,nibe^^ 
« vi™s,de„guevi™s.e.c.,;Flaviviridae;C„rona™dae;Reoviridae;Bi,navi„dae, 
BMbodoviridae(e.g..rabiesvinis,«c.,;Filoviridae;Paian,yxoviridae(e.g, 
„™psvi™s.n,easlesvi™s,respiiato,y syncytial v^s,etc.);Or«,o™yxovindae 

(e.g..innuenzavinis.ypesA.Ba„dC,e.c.);Bnnyaviridae;Arena™^ 
LL,adae(e.g.,HUV..HTLV..l-,HIV.Ualsokno™as„UV.m^^ 
30 ARV hTLR,etc.)),inc.ndingbu.notlin,ited.oantigensfron,.heiso1atesHIV. 
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HW.,HIV.v,H.V.„HIV.);HIV-W«Hn'-'v«;HIV.2;suni. 
i™,™ode«ricnoyvi™(SIV)™ongoU.«s.Addi.o„aI,y,a„ugensn,ayal»be 

,erivedtamh»n«npapillomavin.(HPV)a„dlhetiek.bo™e«,oephal,t,s 

vin.es. S«,e.g.Virology,3rdEdito(W,K. Jomed. ,988); F»..».«»; 
5 K,W»^,2„dEdidon(B.N.Fie,ds.dD.M.K.ipe,eds..99.),fora<i«cnp.,o„ 

of these and other viruses. 

Morepartioularly.ftegpUO envelope proteins 600, »yoftoabove 

„,V isolates, inoludingme^bcrsoftevarious genetic subtypes ofHIV,a« 
t„„™andrepotted(see,c.g..Myersetal.,UsAlamosDatabase,l.s Alamos 
,0 Na.io„alUboratoty.UsAlan,os.NewMexioo(1992)-,Myersetal..*™<» 
««.ovi™..W..* iPPO,LosAlamos.NewMexieo:LosAlamosNat,o„al 
Ubo^tory; and Mod.™ e.al.,i.F.><.M.987) 61:570-578, foracontpanson of 
the envelope sequences ofavarie,yotHIViso,a.es)and antigens derived fton, 
of mese isolates v^illMuaeinthepresent methods. F«rthennore.*e 
,5 inventionisequallyapplicabletootherinununogeniop^teinsdetivedf^ntany 
„fthevariousHIVisolates.includinganyof.hevario«senvelopep«te»ssnch 
.gpl60andgp41,gaga„Ugenssuohasp24gaga„dp55gag,aswe,laspro.e,ns 

derivedftontthepolre^on. As explained above, influent virus is another 
example otavirus for whicbthepresentinvenUonwillbepartioularlyuseM. 

20 Specifioally.tbeenvelopeglycoproteinsHAandNAofinfluenzaAareof 

pLcularinterestforgenerattnganimmuneresponse. Numerous HA su^. of 
lenzaAhavebeenidentified,Kawao.aetal.. ...^0990)^:759^^^^^^ 
WebsteretaU-AntigerncvariationamongtypeAinfluenza viruses, p. 127-168. 
to-P PaleseandD.W.Kingsbury(ed.),G.»etoo/i«/;»«-«--- Spnnger- 

25 Verlag,N»Yoric). Uus, proteins derived from any offtese isolates can also be 
used in the immunization techniques described herein. 

TT^emethodsdescribedherein will also fmdusewithnumerousbactenal 

antigens, such asthosederived from organismsthat cause diphtheria, cholera. 
mberculosis,tetanus,pertussis,meningitis.andotherpathogenics.a.es.mcMmg, 
30 withoutlimitation.Af™i»goc«c:.A.BandC,««.opMu.,„yIue^.ypeB 
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derived ftom organisms causing malaria and Lyme disease. 

Fmil>ermore,tl,emeWsdeseribedhereinprovideameanstcr«a«nga 
variety of ma.ignan.canoe..Forexamp.e,*e^.emofd>epresen.inven.,on 

5 ea„,eused.omoun,boftb«moralandeell-media.edn»n,«nerespons.» 
partic»larpro.einsspeciflc.od,eoaneerin,»«tion,suohasa„act,v..ed 
o„coge„e.afe.a,anUgen,oranaedvaHonma*er.««nno,3nUgensm.u^^ 
3„y„ftt.e various MAGEs(melanoma associated antigenE),mol»d>ngMAGEl, 
2 3 4 ete.(Boon,T,toe„«yic^".«"<:-(Ma«hl'")^82-89);anyofme 

,0 v'ario«.yrosi„ases;MART. (me.anomaantigen.ecognizedbyTceUs).mu.ant 
ras;mutantp53;p97melanomaantige„;CEA(carcinoemb,yonicanbgen), 

among others. 

1, is readily apparent that the subject inventionoanbeusedto prevent or 

treat a wide variety of diseases. 
,5 Ti,eselecteda„.igeniscombinedwiththehy^««.nicacidpolymerfor 

s„bse,ue„tmucosa.deUvery.Hyalurcnicacidpo,yme.for».inthesuW 

^posido„sareavailab,e*,m,e.g..FidiaAdvancedBiopo,ymersSr,(Aba„o 

Tenne,,taly).Forexan.ple,«seMpo,yme.in.heme«-odsdescr,bedherem 

U,c,„de,butare„o.lin,i,edto,es.erifiedanda„toWi.*eddenvat,vescf 

20 byaluronicacid. These polymers are available in a variety of molecular w..gbts, 

and the appropriate molecularweigh. for use widtagiven antigen tsreadtly 

de,enninedbyoneofskil.infl.eartIl.us,e.g.,fores«=rifiedderivadves,a 

suitab.emolecular,eightwil.beond.eorderofab„ut.000.o300.00.mo« 

preferably about 50.000toabou,250.000,evenmore preferably about75.00O.o 

25 ,bout200,000.andmos,preferablyabo»,100,000toaboutl50,000. 

Particularly useWesterifiedformsof hyaluronic acid are those where 

approximately75.100./.of.heca.boxy.groupsa.eesterif,edwithanalMg™«P 
suchasane,hyl.propyl,pentyl.be,^..dodecyl,and.heU.e,formedbythe 
reaction offreecarboxylgroupswith.heco,respondingalcoho,.Suchdenva..ves 
30 areparii^larlypreferredduetotheirbiocompatibilityandtheirabilityto 
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Hodeg«debyhyd™.ysUof.s.erbona..Residueswbichar.»o.«t=nfiea.«. 
.„all=y.g™«pasabove,n,aybc«.ctedwi«.lipidchain/aB.y.res.duesftoma 
C....iphadcal»hoUop™duceW«.ers.Inftis— ea..p« 
75%ofU.ecarboxyl^ups»e««rifiedwitt.e.^,bmyig«.upsa«datlea.. 
.bom 5%of«.eremaipto8 groups esteriM Wiethe aliphaUc alcohol. S«,e.,., 

WemationalPubUoationNo. WO 97/07833. 

Arepres^tadve — fora»es.erificdhya.™mcac,d.sho™bdo« 

assmict^^wh^RrepresenUaaalkylBToupa^d^cri*^*"™' 




(2) 



_1 n 



such derivatives aredescrib^d in, e.^.U.S.Pa.e„.Nos,4.85U2. and 
,0 4 965.353,a»iEuropear,Pat».Publica.ionN0.5.7.565a.da«availablefion. 
eg F,diaAdva.oedBiopolymersSrl(Aba.,oTe,»e,I.a.y). Represeu^rve 
L>a«o,.i,o.uded»sc..o™a.:HVAFn,e*yi«.er),™.^^ 
ester) HVAFFn(benzy,es.er),HYAmi(pen.y.es.er).HVAPF73(dod=cy. 
::2:rd.he.i.rw«areap^xi.nateiyW.este.«ed;a.dHVAPPUpS0 
25 (be„.y.ester).HVAPF7p75(e.hy.e.er),audHyAFFllp75(benzy.ea.er).e.c. 

which are approximately 50 to 75% esterified. 

Tlesederivativesarereadilyproducedbyreactiouofthefaecarboxyl 

^upspreae„tinhya,uro,.cacidwi.hanalco,»,,ir>.hepresenceofca.aIy^ 
rbs.ances,a„chass.ro«gi.>orga..cacidsorionicexchangersof,heac,d^e,o, 

30 „i.hanetberi,yingagen.capableofin.roducinS«.edesireda.coho,ic,es.due. 
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lE«ope»Pubiicado„No.433.n3a„dU.S.Pa.e»tNos. 4,851,52. ana 

5 4965,353,mcotporatedl.erembyreferenoemlheir«.ure«s. 

The<.egr«and.yp=ofesterifiaUo„ca„bevaried,anaa«.arge.ya 

^er of choice, d.pe„ainginpa«on.he—er»l.«gen,.bed^o^ 
..aabesion.csiMa.wenas.he..cof«ve.ydc.re4asa.cnM.™. 
detailbelow. A suitable pcrcenUge and type of es.erifica«o„, .seas,., 
,0 ac.e™inedbyoneofsMl.i-.*.anbasedo„«.ena«^of.hean.,senand 

disorder in question. „ „c app will 

Ascxplainedabove,fl.ehy.»™nioaciddcrivaUvel=nown.ACP.«>ll 

.30«„d.cfo,deHvet..vacc.can«.e.betci.Cc„e.l..A^.f-^^^^ 
«i*.hcp«entinve„tio„wi.lbeftose»be.about0.5t„abo„tO.,^^^^^^^ 
,S 1.3%.oabou..(./.,andn.o.p.ferablyabo„t4%.oabo.t5%,of«,e 
rixylgroup.of.hebyal„ro.cacidpoly™era,ecros«=dtohyd™xyl 
;;:iLcotdiffe^tbyal..nicacid.olec.e.. Ue— 
rolLe»ybe.ificd.Onep«fctablefot.ofa„ACPJo."se„ 
^3cous,gel.aUecon.positio.See,e.s,— alPubltcattonNo-WO 

"cPdenvativesa^tnadebyfitstao^vatinsbyal^onicacidbav^sei^ 
..ecaH,oxy,gro„psorsaUf,edca^oxyl.ro«P.«i«.ana.e„tw«act.vate. 

ftecarboxylfimction.Typicalage„.sincludeca.bodiinndes, 
,icyclobexy.carbodii»de,bcnzyUsopropylcarbodiimide,be„zyl^^^ 
,3 caIodii.idc,ethoxyacetylene,balose„dcHvative.^n,aUpl««^^ 

0.3™«.aUcbydr„ca*c„.a„d.beli.e.AuxiUa.a.e„.a„aybc^=n.^^^^^ 
f»vorfo™atio„ofin.ennediateac«va.eddcHvativeaand/o.a.et..a,yorgan,co. 

inorganic base, such as triethylamine. 

AcUvationiscaniedo«.in,norg^c,aprc«c»lve„.,sucbas.„DMSO. 

30 .a.belx.^.«Posea.obcatont^ia.io„.a.c-yUV,isb.). Intbts 
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way w«.ablem—« are toed which sepante^n,an=ou.ly,eiU,eraft« 
4.;dditio„ofcauays«a»d/orfotto«ingarisein.e.pera»re>erebyfonn.g 
i™eres.erbc,„dswid.hydroxylsof«.es»eorotohyal»ronic acid molecules. 
See.e.g.,E>™peanPubhcataNo, 341,745 andta— »lP»bUca.ionNo. 

5 WO 97/07883, for methods of producing these derivatives, 

Tlehyalurotucaeidderivatives described above canbepmvided as 

^icrospherceitherwithadsoAedor physically incorporated (entrapped) 
a„,igen.usinganyofsevera.teohni,ues,well,c.o™in,hear..Forexamp.e..he 
„ic,^he.s can bemadeusing solvent cvaporadou and extraction .echmques. 
,0 Ge„craUy,theseme.hodse„.ailtt.ep«para.ionofanemulsionofb.oun™xab.e 
«,uids.cal,edthediscon«nuousandcontinuousphases.Tl,edisco„Unuousp.^ 
includes microdr^letsofpolymer/solventsolaUon containing the anUgenOfttts 
.obeentrapped). T^e discontinuous phase is subsequently mixed wtth a 
continuous a,ueousphasecont^ningapa«iclestabilizer/surfac.ant.Afterthe 
15 emulsionissUbilized,.hedisoontinuousphaseisrcmovedbyevaporaUonor 

ex^tion. See,e.g.,Benedet.ie.al.,..Co.™«e.M(19,0)B»^ 

e, al, ' 
29 133-141- European Publication No. 517,565. 

" Mo^partioularly.anappropriatehyaluronieacidderivativeisdissolved 
20 i„asolvent,thesolven.selectedsuchthatitdoes„otreactchemicallywi«,.he 
polymer or the andgen and is immiscible inthe continuous phase. Anynumber 
ofsolventscanbe used, »»ch as, ibr example, an aprotic solvent includm^bu, 

„„,li.itedto,dime.ylsulfoxide(DMSO),l,l,l,3,3.3-hexailuoro-2-propa^^^ 
(HFn and me like. Thepolymer is added ataconccntrarionofabout-S/oto 
« aboutlO%«/v.preferablyabo„tl%toabo«8%w/v,andmostpreferablyabou. 
6./. to about 8%w/v. Depending on*e antigen used and the loadmgdestr^i, an 
amoun.ofanrigenisadded.hatwi.lresuUinamic™spherewithapproxin..ely 
l%to about 40%(«/»)antigentohyaluronicacidpolymer,morepreferably 
about l%.o about 25%(w/w)anUgen, and evenmore preferably about 2%u. 
30 abou.20%(Ww)antigcn. This mixWe forms the discontinuous phase. 
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Acontoousphasenuxtureisprepared which mcludesaseocnd solvent 
generallyahigh viscosity oil, »ehash.avy™ne«.oi.orpa«ffi„oi. (Sigma 

Chemical Co., St. Louis. MO). M emulsion s^^ilizer is present, such as a 
„onionicsurfaceactiveagen..incMngforcxample.mamudemonooleate 
5 (AxlacelA®).de,.t»70.000.P«ly«xyethylc«eelhcrs(rKton®).polyglycol 
etoers(Tergi.omaBdmclike..llreadilycomme,.ially available fiom,e.g., 
SigmaChemic^ Co.. St. Louis, MO. The surface active agent will bepresenta a 

concentration of about .3% to about 10%, preferably about .5% to about 8%, and 
more preferably about 1% to about 5%. 
,0 To produce microspheres, the discontinuous phase is then added to the 

continuousphaseataratio of abo«tl-.16, and an emulsion is fonnedbye.g., 
n^echanical stirring at about TOOtolOOOrpm. Organic solvents arethen 
evaporated or extracted. If evaporated, the emulsiontemperanrreiskeptbeow 
«,csolven.boilingpoin.andgraduallyincreased(stillbeingmaintainedbelow 
15 ,hesolven.boilingpoint)».tild.esolventisevaporated. See, e.g., U.S. Patent 
No 3891.570 andBenedemet al.,/.Ci«m«^«^' ("'«)12^«-^'- 

' It extracted, an appropriate extraction solvent, i.e., a solvent for the 
discondnuousphasesolventbutnotd,ebyaluronicacidderivative.isaddedtome 

emulsioninara.ioofabo„t2-.lv/v,andthesoludonis,henstirredunul 
20 microspheresareformed.Forexampie,ifDMSOisus«d,i.canbeex.ractea 

.iugetbylaoetateoracetylacetate. Other appropriateextracHonsolventscartbe 
rf,ydete™inedbyoneofskillinthean.Forafurtherdescriptionofthe 

^..ventex^acaontechnique, see, e.g.,niumetal., J. Con.*rf«^'- 
22:133-141; and Ghezzo et al., M. J. PHam. (1992) S2:21-29; and European 

25 Publication No. 517,565. 

once thedispersedpha^ solvent isremoved,the suspended mic^spheres 

areseparatedfiomtheoilphasebycentrilirgation. Microspheres can be 
.esuspe^led in an appropriate solution, such ashex^ctoremove excess mtneral 
cil and surfacuu^andthesolutionisthen filtered. This processmay be repeated 
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a number of times to ensure removal of solvent. The microspheres are then air- 
dried or dried under vacuum. 

Altematively, microspheres can also be formed using spray-drying, as 
describedin.e.g.,Kyyronenetal..M/P*-.(1992)80:16M69;Ghezzoe^ 
al.,MJ.P/.am. (1992)87:21-29; and Masters, K.(1976)5pra,Z)0^«g 2^ 
Wiley, New York. Especially small microspheres, termed "nanospheres" can be 
produced using supercritical antisolvents (SAS), as described in Intemational 
Publication No. WO 96/29998. 

Rate of release of the antigen from the hyaluronic acid compositions can 
be modified depending on the method used to associate the antigen with the 
microspheres. For example, ifthe antigen is physically dispersed in the polymer 
matrix, release is controlled largelyby the diffusionrateofthe antigen through 

the polymer network. Furthermore, if solvents are extracted rather than 
evaporated,microspheresincludemoreporoussurfaceswhichresultinmore 

1 5 rapid release of the entrapped antigen. 

Furthermore, esterification of carboxyl groups reduces the 
bioadhesivenessofhyaluronic acid due to the reduced tendency for esters to form 

hydrogenbonds with thebiological substrate. Additionally.thehydrophobrcity 
ofthemicrospheres,impartedby differing esters and deg^esofcrosslinkmg, will 

20 affect the amount of bioadhesion since mucosal tissue appears to display 
appreciable hydrophobicity which may have important implications for 
bioadhesion. Thus, for example, a higher degree of esterification generally gives 
rise to slower and reduced release of the entrapped protein but produces a 
microsphere with enhanced bioadhesive properties. 

25 Additionally, biological factors such as ciliary beat frequency, as well as 

physical factors such as particle size, density and degreeofclumping, and water 
solubility ofthe antigen, will infiuence the degree ofbioadhesionandbioerosion 

See.e.g.,Pritchardetal..M J. Pham. (1996) 129:137-145. 

Moreover, mixtures of microspheres with varying esters, varying amounts 
30 ofesterification,aswellasvaryingdegreesofcrosslinking,willfinduseinthe 
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f„™ulatio„.morder»achiev» me desired bioatonandrel^kinetofora 
given antigen and topn-vide for bothaprima^and secondary inun»nerespo>«e. 

Onoe formed, the adhesiveness of a partictUar hyaluronic acid/antigen 
eonrbination may be determinedusing any number ofmethods, well taovm in the 
5 art inordertoassess^hetheraparticularformulationhasappropnate 

bioadhesiveproperties. For example,»vi,r„ detachment weight smdiescanbe 
conducted which are based on surface tension measuremenls. See, e.g., Smart et 
al J. Pharm. Pharmacol. (im)m95-299. Briefly, test microspheres are 
apphed to a biological substrate, such as epithelial tissue, and detachment wetgh. 
,0 studiesconductedusinganapparatusthatdeterminestheweightrequir^to 

detach two tissue sections fromthetestbioadhesivewhichissandwichedbetween 

them. See, e.g.. Pritchard et al., Im. J. Pham. (1996) 122:137-145. 
Altematively.mucociUary transport rate can be used asadeterminant of 
adhesiveness since the grater the adhesiveness ofth. test substance, the slower 
15 thetransportrate. Such studies can be conducted by, e.g.,moni.onng the 

movement of bioadhesives along part of an excised upper palate 6om the 6og 

(Rana pipiem). as described in Pritchard et al., supra. 

Sunilarly.the rate ofbioerosion of themicrospheres can be determined 

using standard techniques, well known in the art, such as by in viw release 
20 prof,les,,odetermi.ewhetherthehyduronicacid/antigenformulationinq«estio„ 

provides an adequate amount of antigen to the immune system for the gtven 
disease. For example, dissolution tests can be performed by e.g., dispersmg 
microspheres in an appropriatebuffer such asaphosphatebufrerorBSA,w.th 
eontinuous stirring. Samples ofthe solution areremoved a, fixed timeintervds 

25 and assayed for the antigen of interest using, e.g., ELISAs or any other 
appropriate assay, see, Ghezzoetal.,Mi.roa™. (1992)82:21-29. 

Particle size can be determined by, e.g., laser light scattering, using for 
examplcaspectiometer incon-oratingahelium-neon laser. Generally.particle 

size is determined at roomtemperanrre and involvesmultiple analyses offlre 

30 sampleinquestion(e.g.,5.10times)toyieldanaveragevaluefortheparticle 
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dimeter. Particle si^ U also readily detennined -sing « el=c«,n 
™c™scopy(SEM).lnord=r.odoso,d,yn,icrosph«esa.esput.=.^a.cd«,fl.. 
g„,dypalladi«mmix.„r..oa«ctaessofapp— lyl00A.8S«>ms>e„ 

examined using a seaming electron inicroscope. 

tffteantigen is provided inamicrosphere, the antigen con«nfs 
genet^llydeterotined so toa. an appropriate an,o». of themierosphet^may be 
delivered to the subjeotinorder.0 elicit anade,.atein»,u«erespo„se.Ant.ge„ 
content canbedetenninedaccordingtomethodsknowninthe art, suehasby 
disroptingthetnicrospheres and extra^ng any ent^pped antigen. For example, 
^iorospherescan be dissolved inasolvent^chasDMSO or dispersed ,n,e.g., 
OlMNaOH containing 5%(v./v)SDS. The sample is agitated, opfonally 
centrifi,ged.and,hes.^erna.a„.assayedfortheantige„ofin.erest^gs^^^^ 
appro^ateassay. see, e.g.,Benede.tietal.,..Co„.<„W.e,. (1990,13:33^1, 

and 0-Haganetal.,Mi.Pto-m. (1994) m:37-45. 

Al.ematively,thehyalarordcaoidderivatives,eithaintheformof 

n,icrospherosorno,canbecombineddir«Uywitt.»ntigen.ratherthan 
e„.rappingantigentherein,usinganyofs.eraln,e.hods,«ellknown,n«,e«.. 
For example, antigencanbeadsoAed rather than entrapped innncrospheres by 
mixing the antigen withthehyalnronicacidpolymer in anappropriatebuffer, 
, incubaangforv^ngperiodaoftimcdependingonthehyalnronicaotdpolymer 
„sed,andifdesi,ed,lyopbilizingthef6rmulationforfu.ureuse. Thus,for 
example, if HYAFF or mixed ester derivatives areused, the antigenis generally 
incubated vrith the hyaluronic acid polymer in an amonnttitatrepresents 
approximately.l%.oabou.40%(w/w)an.igentohyaluronicacidpolymer,n,oro 
, preferablyabou.l%«.about25%(w/«)antigen,a„devenmoreprefe,ablyabout 
2%toabout20%(v./w)a„tigen. mpe^entage of antigen will depend on the 
desired dose andtheconditionbeingtreated, as discussed inmorodetailbelow^ 
incubation of »tigen with polymerwiUproceed for approximatelyOhourstoAg 
hotns or more, preferably aboutOhours to about24hours,morepreferably about 
30 1 hour.oabou.l0honrs,andmostpreferablyabou.2hours«,about4hours. 
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Following incubation, fte suspension caabelyophilizedandtedried 
con-position susp^ded in an appropriate vehicle prior .oinununizabon 

It ACP is used, ACP can be provided as a gel, see, Intentational 
P„blicationNo.WO97/07833 (available ftomFidia Advanced Biopolyme. Sri 
5 (AbanoTemrcIlaly). ACP gel is diluted 1:30 wid, saline and .ixed with .he 
a„dgen,andoptionallyanadiuvant(see«erb=low,T.eso.utioncan,h.be 
adnnnistereddirectlyto,bes„bjec.e.g.,in^ly,asdis«.sedinn,orede.a.l 

below. 

Oncethe antigen and hyaluronic acid derivatives aremade, as above, 
,0 co,npositionsarefonnu,atedforsubse,uentn,ucosaldelivery. The contpositions 
wil, generally include one or more "pbanuaceutically acceptable exciptents or 
vehicles" appropriate forn,ucosaldelive,y,such as water, saline, glycerol, 

polye,hy.eneglyco.,hyaluronicacid,e,hanol,etc. Additionally. auxiUat, 
Ls..ccs,suchaswettingoren,u,si^S=Eents,pHbufreringsubstanc«.and 

15 the like, may be present in such vehicles. „ . 

Forexantplcin^nasalandpuhnonaryfonnulaUonswiUusuallymclude 

vehicl=s.ha.neithercau.eirriUtionto.he„asal»ucosanorsi^can.lydis«ub 
eiliaryfuncUon.Diluen.ssuchaswater,a,ue«ussalineoro.herknov™ 
substaneescanbeentployedwiththesubjeainvendon. Thenaaalfbnnulat.ons 
30 ™ya.socontainpreservativeasuehas,bu,notlin,itedto,chlorobu.anoland 

^^oniuntchloridcAsurfaCantmaybepresenttoenhanceabsorpUonofthe 

subjectproteinsbythenasalmucosa. 

For rectal and urethral suppositories, the vehicle composition wtlhndude 

.aditionalbinders and carriers, such as, cocoabut.er(.heobron,aoi.)orod,er 

25 .riglyceridea,vegetableoilsn,odifiedbyesterification.hyd™gena«onand/or 

^Lrio.giyceri„atedgclati.po.ya^negly*n.xturesofpolye.hy^^^^ 

gwoolsofvariousntolecularweights and tatty acid este^ofpolyethylene glycol. 

Forvagma.deUvery,thchyaluronicfom,ulationsof.hepresen.invent,on 

canbeincorporatedinpessarybases,s„chasfl,oseincludmgmixmresof 

polyemyleneMglycerides, or suspended in oils such aa com oil or sesame 0.1, 
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optionally containing colloidal silica. See, e.g., Richardson et al., Jnt. J. Pharm. 
(1995) 115:9-15. 

For a fiirther discussion of appropriate vehicles to use for particular modes 
of delivery, see, e.g., Reminsion: The Science and Practice of Pharmacy, Mack 
5 PublishingCompany,Easton,Pennsylvania, 19thedition, 1995. Oneofskillin 
the art can readily determine the proper vehicle to use for the particular antigen 
and site of delivery. 

Adjuvants may be used to enhance the effectiveness of the pharmaceutical 
compositions. The adjuvants may be administered concurrently with the 
10 hyaluronic acid formulations of the present invention, e.g., in the same 

composition or in separate compositions. Alternatively, an adjuvant may be 
administered prior or subsequent to tiie hyaluronic acid compositions of the 
presentinvention. Such adjuvants include, but are not limited to: (l)aluminum 
salts (alum), such as aluminum hydroxide, aluminum phosphate, aluminum 
15 sulfate, etc.; (2) oil-in-water emulsion formulations (witii or without other 
specific immunostimulating agents such as muramyl peptides (see below) or 
bacterial cell wall components), such as for example (a) MF59 (International 
Publication No. WO 90/14837), containing 5% Squalene, 0.5«/o Tween 80, and 
0.5% Span 85 (optionally containing various amounts of MTP-PE (see below), 
20 although not required) formulated into submicron particles using a microfluidizer 
such as Model HOY microfluidizer (Microfluidics. Newton, MA), (b) SAP, 
containing 10% Squalane, 0.4% Tween 80, 5% pluronic-blocked polymer L121, 
and tiir-MDP (see below) eitiier microfluidized into a submicron emulsion or 
vortexed to generate a larger particle size emulsion, and (c) Ribi™ adjuvant 
25 system (RAS), (Ribi Immunochem, Hamilton, MT) containing 2% Squalene, 
0.2% Tween 80, and one or more bacterial cell wall components from tiie group 
consisting of monophosphorylipid A (MPL), trehalose dimycolate (TOM), and 
cell wall skeleton (CWS), preferably MPL + CWS (Detox™); (3) saponin 
adjuvants, such as Stimulon™ (Cambridge Bioscience, Worcester, MA) may be 
30 used or particle generated therefrom such as ISCOMs (immunostimulating 
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con,pl«es);(4)C™ple..Fre«ndsAdjuv».(CFA)a„d incomplete F^nds 

Adjuvan,(IFA);(5)cy.kines,»h.in.er.e*.(IL-l,IL-2.e..),n.aaophage 

o„lonystoulatmg&c.or(M-CSF),««nornecrosisfa«or(TNF).e,c,(6) 

de«>xifiedmu.».sotabaeterialADP.ribosylating»xmsuchasaehol=ratox,„ 

5 (CT).ape«us.is.oxin(Fn.oran£.»«hea«abnetoxin(LT,,panio»^^^^^ 

K63(whe« lysine is .ubsdmua ford,, wild-wean-i-o ^i'i»'P<'»"'°" *3>^^- 
R72(wherearginineis»bsUm.edfo,fl.ewild-Wean,inoacida,posmo„72), 

CT-S109 (where serine is substituted forftc^ld-W==™i"°»'d"P°^"'™ 
109) and PT-K9/G129(where lysine is substituted for the wild-typeantinoactd 

,0 atpo'sition9andglycinesubstiti.tedatpositionl29)(se^e.g.,ln.ematio„al 

P„blicationNos.Wa93/13202 and W092/19265); and (7) other substances titat 

.tasinununostimulatingagentstoenhancetheeffectivenessofthecontposttion. 

Muran,ylpeptidesincl„de,butarenotlin,itedto,N.acetyl.muran,yl.L. 

«^„yl.D.isoglutamine(thr-MDP),N.acteyl-normuramyl.I.alanyl^ 

,3 lso,uatn,e(nor.MDP,,K-acetyl.n„ran>yl.I.alany.^^^^^^^^ 

(^2^dipahni.oyU»-gIyoe^o-3.huydroxyphosphoryloxy)^hylam,ne^^^^^ 

etc. 

The various components ofthe composition can be present inawtde 
.engeofratios. For example, the hyaluronic acid-antigen and adjuvant 
,0 oo«tpcne„tsare.ypicallyusedinav„,un.eratioon:50to50:l,preferably.:10 

to 10:l.morep«ferably from about 1:3 to 3:1, and most preferably about 1:1. 
Hov.ever,oti.erratiosn,aybemoreapp>opriateforspecificpu,poses,suchas 
.henaparticular antigen is botirdiflicultto incorporate into an hyaluronic acrd 
composition and hasalowimmungenicity.in which caseahigher relative 

25 amount oftiie antigen component is required. 

Tie compositions will comprisea-flrerapcutically effective amount of 

fte»tigenofinterest.T1,atis.anamountofantigenwil.beinclud.dinthe 

compositions which wiUcausetitesubjecttoproduceasufficientimmunologtcal 

„inordertopr.ent.r«iu«orelimi^tesymptoms.Theexactamoun 

30 necessa,ywillva,v.dependingonti,esubiectbeingtiea.ed;,heageandgenera. 
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condition ofte.«bjec.»be«a«d;tecap«.yoftesubjecfsi™nunesy««n 

,0 synthesize antibodies; the degree of protection desired; the severity of the 
condition beingtreated; the particular antigen selected and its mode of 
adnnnistration, among other factors. An appn^riate effective amount canbe 
readily detem.inedbyoneofsldllmd.e art. lh«s,a"th=rapeu.ieallyeffeenve 
amorf wUl &11 in a relatively broad range that can be detemrined through 
routine trials. For example, for purposes of fte present invention, an effecttve 
dose will typically range fan about 1 K to about 1 00 mg, more preferably from 

about 5 ^g to about 1 mg, and most preferably about 10 ,e to about 500 ^g of the 

antigen delivered per dose. 

Once formulated, the compositions of die invention are administered 

muoosally, using standardtechniques. See, e.g., TkeScienceani 

P.:^,-^o/P/.a™<.^,Macl=P«blishingGompany,Easton,Pennsylvama.l9m 

edition 1995, for mucosal delivery techniques, including intranasal, puhnonary. 
vaginal and rectaltechniques, as weUasEur.peanPublicationNo.517,565 and 

niwn et al., J. Con^olled Rel (1994) 29:133-141, for techniques of mtranasal 

administration. 

Dosage treatment may beasingle dose schedule oramultiple dose 

schedule. A multiple dose schedule is one in v,hich aprimary course of 
, va^ationmaybewitt,l-10separatedoses,followedbyod,erdosesgivena. 

subsequent time intervals, chosen to maintain and/or reinforce the immune 
response, for example at 1-4 months for a second dose, and if needed, a 
subsequent dose(s) after several months. The boost may be with flte same 
fonnulation given for the primary immune response, or may be withadifferent 

5 formulation that contains ti,e antigen. The dosage regimen will also, at least m 
part be detennined by tire need ofdte subject and be dependent on the judgment 

of flte practitioner. Furthemtore, if prevention of disease is desired, fee vaccmes 
are generally administered prior to primary infection wifltttre pathogen of 
interest. If tteatment is desire4 e.g., the reduction of symptoms or recurrences, 
50 the vaccines are generally administered subsequent to primary infection. 
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Tlie fonnulations ««. be tested i» ««. in a number of animal models 
developed for the smdy of mucosal delivery. For example, the cOBseious sheep 
model is an art-r«ogmzed model for testing nasal delivery of subs«nees due to 
the large nasal cavity, accessibiUty of the jugular vems for cumulation, as well as 
the mild tempermant of sheep under experimental conditions. See, e.g., 
Longeneckeretal.. / PUrm. Sci. (1987)76:351-355 and Ilium etal.,/ 
ConiroUedRd. (1994)22:133-141. Sheep can therefore be administered a test 
substance by brieny sedating the animals to prevent sneezing during 
administration »d inserting an oral/nasal tube with the vaccine in question into 
the sheep'snostriltoapreset depth. TTte vaccine, generally in pondered, 

lyophiHzed fonn, is then blown into the nasal cavity. Blood samples are then 
collected from ti-ecamrnlatedjugalarveinprior and subsequent to administration. 

Blood samples can be assayed for antibody titers using standard techntques, 
known inthe art, as described above. Cellular immt^eresponses can alsobe 

monitored as described above. 

As is readily apparent, tt.e compositions of the present invention are 
useful for treating and/or preventing a wide variety of diseases and infections 
caused by viruses, bacteria, parasites and fungi, as well as for stimulating an 
immune response against a variety of tinnor antigens. Not only can Ute 
compositions be used fl,erapeutically or prophylactically, as described above, the 
compositions may alsobeusedinordertoprepa,eantibodies.bofl, polyclonal 
a„dmonoclonal,for,e.g.,die^osticpurposes,aswellasfori™nunopurifica«on 

of tire antigen of interest. If polyclonal antibodies are desired, a selected 
mammal, (e.g., mouse, rabbit, goat, horse, etc.) is immunized wifl. the 
,5 compositionsofOtepresentinvention. Thesis usually boosted 2-6 weeks 
later with one or more administr^ons of the antigen. Polyclonal antisera .s then 
obtained ftomflteimmunized animal andtreatedaccordmgtoknownproc^iures. 

See e.g., Jurgens et al. (1985) J. Chrom. 24S-.363-370. 

Monoclonal antibodies are generally prepared using ^ metirod ofKohler 
30 andMilstein,;^-.,ur.(1975)256:495.96,oramodificationtt.ereof. Typically,a 
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mouseorrat is immunizedas described above. However, rather than bleeding the 
animalto extract serum, the spleen(and optionally several large lymph nodes)is 

removed and dissociated into single cells. If desired, the spleen cells may be 
screened (after removal of nonspecifically adherent cells) by applying a cell 
suspension toaplateorwell coated with the protein antigen. Bcells, expressing 

membrane-bound immunoglobulin specific for the antigen, will bind to the plate, 
and are not rinsed away with the restofthe suspension. ResultingBcells. or all 

dissociated spleen cells, are then induced to fuse with myeloma cells to form 
hybridomas, and are cultured in a selective medium (e.g., hypoxanthine, 
aminopterin, thymidine medium, "HAT"). Th. resulting hybridomas are plated 
by limiting dilution, and are assayed for the production of antibodies which bmd 

specifically to the immunizing antigen (and which do not bind to unrelated 
antigens). The selected monoclonal antibody-secreting hybridomas are then 
cultured either f«v,>o(e.g., in tissue culturebottles or hollow fiber reactors), or 

i„v.vo(asascitesinmice). See, e.g., M. Schreier et al., //ybn^orn. Mm9«e. 

^l9m-,nmm^^)ingetaL,MonoclonalAntibodiesandT^^^^^ 

(1981)- Kemiett et Monoclonal Antibodies (1980); see also U.S. Patent Nos. 

4,341.761; 4,399,121; 4,427,783; 4,444,887; 4,452.570; 4.466,917; 4.472,500, 

4,491,632; and 4,493.890. Panels of monoclonal antibodies produced against the 

polypeptide of interest can be screened for various properties; i.e., for isotype, 

epitope, affinity, etc. 

m F.Tc perimental 

Below are examples of specific embodiments for carrying out the present 
invention. The examples are offered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to numbers used 
(e.g., amounts, temperatures, etc.). but some experimental error and deviation 
should, of course, be allowed for. 
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Example 1 

Pr^ p^rafmii and TIse of HV AFF Formulations 
Tnr.hidinp Influenza Antigen 
Placebo (Blank) microparticles of HYAFFl 1 polymer, approximately 
100% esterified with benzyl alcohol, were supplied by Fidia Advanced 
Biopolymers Sri (Abano Terme, Italy). The average size of these microparticles 
was about 8 microns (with a portion of the size distribution being less than 1 
micron and a portion above 1 0 microns), as determined by a Malvern Mastersizer 
Instrument. 

In order to achieve a dose of 10 ng influenza antigen H3N2 ("HA") 
(Chiron Vaccines, Siemia, Italy) and 10-25 ^g LT-K63 (Intemational Publication 
No. WO 93/13202), a 1% w/w loading of HA/LT-K63 to microparticles was 
targeted. To do so, 1 mg of HA and 1 mg of LT-K63, in 84 mM Na^HPO^. 1 1 
mM KH2PO4, 82 mM NaCl. was incubated with 100 mg of blank microspheres in 
PBS at 4X for three hours. The suspension was then frozen at -80°C and freeze- 
dried overnight. 

Actual antigen/adjuvant load was confirmed by hydrolyzing the 
microparticles and estimating the total protein content by micro-BCA, as 
described in Sharif and O'Hagan, Int. J. Pharm. (1995) 115:259-263. The actual 
load ranged from about 0.8% to 1.0% w/w antigenA.T-K63 to microparticle. 

Prior to immunization, approximately 20 mg of the dried microparticle 
formulation was suspended in normal saline prior to intranasal delivery to 
animals. For mice, the formulation was suspended in 50 ^ll of saline; for guinea 
pigs the fonnulation was suspended in 250 \i\ saline; and for micro pigs, the 
formulation was suspended in 500 nl. 

Balb/C mice were divided into six groups and administered the 
formulations indicated below intranasally, using a micropipette. Animals were 
boosted 28 days later. 
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Group 1 
Group 2 
Groups 
Group 4 

Group 5 
Group 6 



Antigen (HA) alone in saline 

HA colyophilized with 0.5 mg of HYAFF placebo microparticles 
HA with LT-K63 (10 ug) in saUne 

HA colyophilized with 0.5 mg of HYAFF placebo microparticles 

andlOngofLT-K63 

HA with LT-K63 (25 ^g) in saUne 

HA colyophilized with 0.5 mg of HYAFF placebo microparticles 
and 25 jigofLT-K63 



Animals were bled on day 42 and anti-HA titers determined by ELIS A by 
estimating the total anti-HAIgG titers in the samplesera As shown inTablel. 
animals administered antigen incombination with HYAFF.both with and 
without adjuvant, had higher antibody titers than those administered antigen 
alone. TTiose administered antigen withHYAFF and adjuvant had the Wgh^ 



' Table 1 




Group 
No. 


Formulation 


Antigen (HA) 


HI Titer ' 


1 


HA 


10 ug 


80 1 


2 


HA-HYAFF 0.5 mg 


10 Ug 


160 1 


3 


HA + LT-K63 (10 ug) 


10 Jig 


640 J 


4 


HA-HYAFF 0.5 mg + LT-K63 
10 ^g 


10 ^g 


1280 ' 


II ^ 


HA + LT-K63(25 jig) 


10 Ug 


640 


6 


HA-HYAFF 0.5 mg + LT-K63 
25 UK 


10 Jig 


2560 
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F.xam ple 2 
p.» P^t;nn .nd Use of ACP Formulations 

Auto^rosslinked polysaccharide (ACP) hyaluronic acid gel was obtained 
fromFidiaAdvancedBiopolymersSrl(AbanoTenne,Italy)and used as shipped. 
Tothe gel was addedl0^gofHAandlO-25^gLT.K63,in an aqueous solution 

to make a gd-to-water raSo of 1 :30. 

50 ^1 of the viscous solution was administered intianasally using a 
nUoopipetteto tee g^upsofBalb/Cmiee each wift five animals, as shown in 

Table 2 below. Fonnulations were administered within 60 minutes of 
preparation. Animals wereboosted 28 days later,bledonday«andan.-HA 

titers determined by ELISA. IgA titers from a nasal wash were also assayed. 

As shown in Table 2, animals administered antigen in combination wtfl, 
ACP and adjuvant had hi^er antibody titers than those administered antigen 

alone. 



Table 2 



Groups 


Formulation 


Serum anti-HA 
ELISA Titers 


IgA Titers in the 
Nasal Wash | 


1 ^ 


ACP(1:30) + LT-K63(25 
Hg) + HA(10^g) 


449 +/- 84 


1836+/- 630 1 


1 ^ 


LT-K63 (25 fig) + HA (10 
^g) 


193+/- 152 


808 +/- 161 


\ 3 


HAHOug) 


100+/- 90 


5.3+/- 3.5 1 



The above smdy was repeated using three groups of guinea pigs witi, five 
animals each. n.e method usedwas as described above exceptlhatguineaprgs 
we. administered 200 .loftirefonnulation indicated inTableSandboosted 

twice, once on day 28 and once on day 56. As shown in Table 3. ammals 
administered antigen in combination withACP and adjuvanthad higher antibody 

titers than those administered antigen alone. 
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Table 3 1 


Groups 


Formulation 


Serum Anti-HA ELISA Titers 


1 


ACP(1:30) + LT-K63(25 
^g) + HA(10 }ig) 


1064+/- 912 


2 


LT-K63(25 ng) + HA(10 


571 +/- 423 


3 


HA(lOng) ____ 


21+/- 24 



f.xample 3 

r»^p.n.nn nf HYAF^ --^ A PP Formulations 
Tl.e immunogenicity of the HA antigen in HYAFF and ACP gel was 
evaluatedinmicropigsCYucatan). 12 pigs were divided into three groups of four 
pigs each, as shown inTable4. In order to achieve the proper dose, pigs were 
administered intranasallyusingagaugel6Teflon catheter, 500mofthe ACP 
formulation or 50 mg of the HYAFF formulation. Control pigs were given 500 
m of antigen alone. Pigs were boosted at 28 days and sera collected and assayed 
for anti-HA serum IgG levels using an ELISA. 

As can be seen in Table 4, groups of pigs administered antigen with 
HYAFF or ACP both had higher titers than pigs administered antigen alone, with 
pigs administered the HYAFF formulations having the highest titers. 



II Table 4 




Groups 


Formulation 


Senun Anti-HA 
ELISA Titers | 




LT-R72(100ng) + HA(100 ng) 


505 +/- 183 1 


1 ^ 


LT-R72 (100 ng) + HA (100 ^g)-HYAFF 


1919+/- 602 1 


II 3 


LT-R72 (100 Jig) + HA (100 ng) + ACP 


871 +/- 155 1 
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Example 4 

T:nn.nl.tinm DelivPTed TntrRmiiscularlv and Tntranasally . 
The ability of the foiraulations specified in Table 5, delivered either 
intramuscularly (i.m.) or intranasally (i.n.), to elicit an immune response, was 
5 evaluated in micro pigs (Yucatan). In particular. 12 pigs were divided into three 
groups of four pigs each, as shown in Table 5. Pigs were immunized with either 
25 ng of HA antigen, i.m. (Group 1), 25 ng of HA antigen and 100 ng of LT- 
K63, i.n. (Group 2), or 25 jig HA with HYAFF microspheres and 100 ^g LT- 
K63. i.n. (Group 3). Pigs were immunized at weeks 0 and 4. Sera and nasal 
10 secretions were collected at day 28, 42 and 56 and assayed for anti-HA serum IgG 
levels and IgA levels using an ELISA. 

As can be seen in Figures 1 and 2. pigs administered the HYAFF 
formulation generated a significantly higher response than either the i.m. or i.n. 
groups lacking HYAFF. The HYAFF formulation also gave a higher HA- 
15 specific nasal IgA response. The hemagglutination inhibition (HI) titers (see 
Table 5), were also the highest in the HYAFF immunized group of animals. 

This example shows that intranasal administration or antigen with 
HYAFF achieves better results than intramuscular administration of antigen 
alone. 
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Table 5 



Groups 


Formulation 


Route 


Animal 
No. 


Hemagglutination 
Inhibition 
Titers 


1 


HA Alone 


i.m. 


1 
2 
3 
4 


80 
640 
160 
160 


r 2 


HA + LTK63 


i.n. 


5 
6 
7 
8 


40 
1280 
320 
640 


1 ^ 


HA + LTK63 
+ HYAFF 


i.n. 


9 
10 
11 
12 


1280 
320 
640 
2560 



Accordingly, the use of hyaluronic acid derivatives to deUver vaccine 
anUgens is described. Although preferred emhodiments of the subject invention 
have been described in some detail, it is understood that obvious variations can be 

made without departing ftom the spirit and the scope of the invention as defined 
by the appended claims. 
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We Claim : 

1. A composition comprising an hyaluronic acid ester polymer and a 
selected antigen, wherein said antigen is present in an amount of approximately 
.1% to about 40% (w/w) antigen to hyaluronic acid polymer. 

2. The composition of claim 1, wherein said antigen is present in an 
amount of approximately 2% to about 25% (w/w) antigen to hyaluronic acid 
polymer. 

3 Th, composition of claim 1 , wherein the hyaluronic acid ester is 
selected from the group consistingofanhyaluronic acid where from about 75% 

to about 1 00% of free caiboxyl groups are esterified with one or more alkyl 
groups andacrosslinked derivative ofhyaluronic acid in which aboutO.5% to 
about 20%ofthecarboxylgroupsofthehyaluronic acid polymer are crosshnked 

to hydroxyl groups of the same or a different hyaluronic acid molecule. 

4. The composition of claim 1, further comprising an immunological 
adjuvant. 

5. The composition of claim 4, wherein the adjuvant is a detoxified 
mutant of abacterial ADP-ribosylating toxin selected from the group consisting 
of LT-K63andLT-R72. 



6. The composition of claim 1, wherein the selected antigen is a 
antigen. 



viral 



7. The composition of claim 6. wherein the selected antigen is an 
influenza antigen. 
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8. The composition of claim 1, wherein the hyaluronic acid ester is 
provided in the form of a microsphere. 

9. The composition of claim 8, wherein the selected antigen is entrapped 
5 in the microsphere. 

10. The composition of claim 8, wherdn the selected antigen is ad«.it«d 
to the microsphere. 

10 11 Acompositioncomprising(a)amicrospherecomprisedofan 

hyaluronic acid ester polymer selected from the group consistingof an hyaluronic 
acid where from about 75%toaboutl00%offreecarboxyl groups are estenfied 
withoneormorealkylgroups,andacrosslinkedderivativeofhyaluronicaadm 
which aboutO.50/0 to about 20o/oofthecarboxylgroupsofthehyaluK,nicac,d 

15 polymerarecrosslinkedtohydroxylgroupsofthesameoradifferenthyaluromc 
acid molecule; (b)aselected antigen entrapped in, or adsorbed to. the 
microsphere, wherein said antigen is present in an amountofapproximately 20/0 

to about 25% (w/w) antigen to hyaluronic acid polymer; and (c) an 
immunological adjuvant. 

20 

12. The composition of claim 11, wherein the selected antigen is 
entrapped in the microsphere. 

13. The composition of claim 1 1, wherein the selected antigen is 
25 adsorbed to the microsphere. 

U. Amethod of making a pharmaceutical composition which comprises 
combining the composition of claimlwithapharmaceutically acceptable 

mucosal excipient. 

30 



35 



wo 99/62546 



PCT/US99/12105 



5 



10 



1 5. A method of making a phannaceutical composition which comprises 
combining the composition of claim 11 with apharmaceutically acceptable 
mucosal excipient. 

16. A method of immunization which comprises mucosally administering 
atherapeutically effectiveamountofthepharmaceuticalcompositionofclaim 14 

to a vertebrate subject. 

17. A method of immunization which comprises mucosally administering 
a therapeutically effective amount of the phaimaceutical composition of claim 15 
to a vertebrate subject. 

18. The method of claim 16 wherein the administering is done 
intranasally. 

19. The method of claim 17 wherein the administering is done 
intranasally. 

20. Useofanhyaluronicacidesterpolymerinthemanufactui^ofa 
20 medicament for mucosal immunization, said medicament comprising said 

polymer and a selected antigen, wherein said antigen is present in an amount of 
approximately .l%to about 40% (w/w) antigen to hyaluronic acid polymer. 
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